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INTRODUCTION.
Although there are a number of methods for the separation
and determination of arsenic in substances also containing an-
timony, they are in most cases rather difficult and tedious of
execution. Among the most satisfactory methods, however, seem
to be the distillation methods. Arsenic is volatile in the
tri-valent condition, while antimony is not, and it is upon this
difference that these methods are based.
Several reducing agents have already been used to reduce
the arsenic compounds during the distillation, and a further
study of reducing agents is made in this thesis in order to de-
termine whether or not a more satisfactory reducing agent might
be found.
The methods which have already been proposed for the sep-
aration and determination of arsenic are as follows:
Method of Fred. Neher. (Z. Anal.Chem, 32 - 45.)
This method depends upon the fact that when a 3tream of
hydrogen sulphide gas is passed into a strongly acidulated hy-
drochloric acid solution of an arseniate the arsenic is prec-
ipitated as the penta-sulphide. It is necessary to have the con-
centration of the hydrochloric acid high. In solutions of this
concentration antimony sulphide is not precipitated, because of
its solubility in concentrated hydrochloric acid.
The precautions which must be observed in precipitating
arsenic by this method (according to Neher) are as follows :-
(1) The solution must be concentrated with hydrochloric
.1
acid.
(2) The solution must not be allowed to heat up no-
ticeably; in fact the precipitation should be car-
ried out in a flask which is artificially cooled.
(3) The hydrogen sulphide must be pa33ed in very rapidly,
and must not be contaminated with other gases.
Traces of sulphur are often likely to precipitate with the
penta-sulphide, but after washing with water a few times, and
then with hot alcohol, these are usually washed away. Treatment
with carbon disulphide might be necessary to remove all traces
of sulphur.
The filtering and washing may be carried out either in a
platinum or porcelain gooch crucible, and then dried in a drying
oven at 100° C. to constant weight, and then weighed as Arsenic
penta-sulphide.
Tartaric Acid Method. (Treadwell & Hall Vol. 11-234)
This separation is based upon the fact that when magnesia
mixture is added to a solution of alkali arseniate and antimoniate
containing tartaric acid, the precipitation of antimony is pre-
vented while that of arsenic is not.
Arsenic and antimony are first precipitated as the sulphides
by treatment with hydrogen sulphide. They are then dissolved in
aqueous potassium hydroxide and then oxiaized by the introduction
of a stream of chlorine gas. The resulting solution is then made
acid, treated with tartaric acid and an excess of aqueous ammonia
added. Magnesia mixture is then added slowly and with constant
stirring. After standing twete hours, the precipitate of magnesium
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aminonium arsenate ia filtered off, (it usually contains a little
basic magnesium tartrate) washed a few t in.es with 2\ per cent
ammonia, dissolved in hydrochloric acid, and then rsprocipitated
by the addition of an excess of ammonia. After standing for
twelve hours more, the precipitate is filtered, washed with 2-J
per cent ammonia, ignited at 900° and finally weighed as the mag-
nesium pyroarsenats.
Method of E. Fischer (Z. Anal. Chem. 21 - 266)
Thi3 method is based on the fact that arsenic, regardless of
its state of oxidation will distill in the presence of ferrous
chloride and hydrochloric acid, while the other metals of the
hydrogen sulphide group remain behind. Under these conditions the
arsenic distills as the trichloride.
The method consists in dissolving the arsenic compound in
hydrochloric acid and potassium chlorate. Or the compound could
by precipitated a3 the sulphide, dissolved in potassium hydroxide
and then oxidized by passing a stream of chlorine ga3 into the
alkaline solution. The largest portion of the potassium chlorate
which would be formed in this manner could be decomposed by warm-
ing with concentrated hydrochloric acid.
To the solution containing the arsenic is added 10 to 20 cc
ferrous chloride (prepared by treating an excess of iron filings
with 25^ hydrochloric acid.) ana enough 20 per cent hydrochloric
acid to give a volume of 150 cc. The mixture is then distilled at
the rate of about 2 to 3 cc per minute until the solution remain-
ing in the flask has reached a volume of 30 to 35 cc.
When not more than .01 gram of arsenic is prssent, one dis-

-4-
otillation ±3 sufficient, but for larger amounts the operation
must be repeated. In order to quantitatively uiatill one gram
of arsenic by this method four distillations are required in oruer
to separate the last traces of arsenic.
The arsenic, thus distilled, can either be determined as the
trisulphide, or by titration with iodine after neutralization with
potassium carbonate.
The separation from lead, copper, bismuth, cadmium and mercury
requires, in general, but one distillation, but when antimony and
tin are present appreciable amounts of these are carried over with
the arsenic. So, in order to obtain a clean separation, it is best
to distill the solution to about half its volume. This distillate
contains practically all of the arsenic and traces of the other
metals. If to this distillate 3 to 5 cc of ferrous chloride are
added and the mixture is then redistilled to a volume of about 30
cc, the new distillate will contain all of the arsenic which was
contained in the original distillate. A like distillation on the
residue from the first distillate will also give a clean separation
of the arsenic froix, the other metals. The antimony will be found
in the two residues.
Method of Martin Rohmer (Ber. 34, 33 and 1565.)
Martin Rohmer tried to improve on the distillation methods
in attempting to find a reducing substance which would not make
the analysis of the residue after distillation more difficult than
before. By introducing such reducing agents as ferrous chloride,
cuprous chloride, etc. the analysis of the residue would certainly
become more complicated if the arsenic had been separated from

-5-
metals of the hydrogen sulphide group.
Rohinor's method is essentially to uistill the arsenic in a
current of sulphur dioxiue and hydrogen chloride gas. He contends
that by using this means, nothing is introduced which it is dif-
ficult to remove again. He found that the removal of arsenic was
very complete when he introduced a small quantity of potas3ium
bromide into the flask just before distillation. Large quantities
of arsenic can be removed by this method in a few distillations.
The removal of the 3ulphur dioxide from the distillate pre-
sented some difficulties, however, but these he overcame by heat-
the distillate after diluting it to a relatively large volume.
Another means he used was as follows: He connected the flask with
a reflux condenser and heated it to boiling. He then passed car-
bon dioxide through the solution for about twenty minutes, which
rendered the solution practically free from sulphur dioxide. The
arsenic was then determined as the trisulphide. It was precipi-
tated with hydrogen sulphide, filtered through a gooch crucible,
washed with alcohol a few times, then with carbon disulphide and
finally with ether. It was then dried at 105° C. to constant
weight and weighed as the trisulphide.
He also determined the arsenic in the distillate by titration
with a 1/20 normal solution of iodine after neutralization with
alkali and sodium bicarbonate.
Method of Oscar Piloty and Alfred Stock (Ber. 30 - 1649)
The principle on which the method of Piloty and Stock is
based is that arsenic volatilizes from a strong hydrochloric acid
solution in a current of hydrogen sulphide and hydrochloric acid
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gas.
Their proceduro i3 as follows: The arsenic and antimony com-
pounds (either in the tri- or penta-valent state) are introduced
into a 300 cc round bottom flask containing 100 cc concentrated
hydrochloric acia. The flask is fitted with a two-hole stopper,
through one hole of which is passed a glass tubs reaching to the
bottom of the flask. Thi3 tube is connected to hydrogen chloriue
and hydrogen sulphide gas generators, each supply tube being fitted
with a pinch-cock. Through the other hole is passed another glass
tube which connects the distilling flask with a 600 cc Erlenmeyer
flask. The latter is surrounded with a mixture of salt and ice.
This contains about 150 cc of dilute acid solution, in which
the distillate is absorbed.
The flask is carefully heated to the boiling point of the
solution, while a slow stream of hydrogen chloride gas is passed
through. When the solution begins to distill, hydrogen sulphide
is slowly passed through. (About 2 bubbles per second.) The
solution becomes milky when the gas begins to pass through, but
after a certain time it again becomes clear. The distillation
is continued rapidly for from 1/2 to 3/4 of an hour, at the end
of which time the hydrogen sulphide supply is cut off. The heat-
ing is further continued for a short time, until the hydrochloric
acid gas has washed the solution relatively free from hydrogen
sulphide, when the flame is taken away and the supply tubes quickly
detach3d. The arsenic is found in the collecting flask as the
tri sulphide.
This is dissolved in potassium hydroxide and then oxidized
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with bromine water. The solution is again made acid and the arsenic
precipitated as arsenic pentasulphide at 70° C. The precipitate
is quickly filtered through a gooch crucible, washed with water,
alcohol and ether, and then dried at 105° C. to constant weight.
Method of Carl Friedheim and Paul Michaelis
(Ber, 28 - 1414.)
If a solution of methyl alcohol containing arsenic acid
be saturated with hydrochloric acid gas, and this heated on a
water bath, it will be found that vapors containing arsenic will
be liberated at temperatures as low as 40-50° C. If the temper-
ature of the solution be raised to 65-90° C. the bulk of the
arsenic will volatilize. One repetition of this operation on the
residue will volatilize the last traces of arsenic. Thi3 is the
principle on which the method of Friedheim and Michaelis is based.
To the solution containing the arsenic compound about 50 cc
of methyl alcohol and also 20 cc of concentrated nitric acid are
added. While the solution io heated on the water bath a current
of hydrogen chloride is conducted through the solution. The ar-
senic distills quits rapidly under these conditions into the cooled
collecting flask. It i3 then precipitated with magnesia mixture
and determined as magnesium pyroarsenate.

-EXPERIMENT AL -

EXPERIMENTAL.
The first portion of thi8 work consisted in attempting to
separate arsenic from antimony by the method of Emil Fischer,
as described on page 245 of Treadwell & Hall's Analytical Chem-
istry, Volume II.
The arsenic and antimony were first precipitated as the sul-
phides, and then were dissolved in warm ammonium hydroxide. The
solution was next oxidized by means of 30 per cent hydrogen per-
oxide or with sodium peroxide, and then it was evaporated to a
small volume (about 50 cc), in order to have the concentration of
the hydrochloric acid comparatively high. To this solution in a
500 cc distilling flask were then added about 1.5 grams of po-
tassium bromide and 100 cc of concentrated (1,19 sp. gr. ) hydro-
chloric acid, making a total volume of about 150-200 cc. The
receiver consisted of a large flask of about 1.5 liters capacity,
kept surrounded oy a current of cold water coming from the con-
denser, ana containing at the start 800 cc of cold uistilled water.
The distilling flask was heated and the contents partially
distilled in a current of hydrogen chloride, meanwhile constant-
ly passing a little sulphur dioxide into the flask, until at the
end of about forty-five minutes, the volume of liquid in the dis-
stilling flask was reduced to about 40 cc. The flame was then
removed and the T-tube between the two evolution flasks removed
in order to prevent the liquid froin backing up into the wash bottles
The adapter tube which connected the condenser with the receiver
was rinsed off and the receiver removed.
A new receiver was now placed at the end of the apparatus and
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a second distillation made in order to insure the complete
volatilization of the arsenic. Then, for the determination of the
arsenic, the contents of the two receivers were each diluted to a
volume of about 1250 cc, and the excess of sulphurous acid re-
moved by heating to boiling and passing a stream of carbon dioxide
through the liquid. When the sulphur dioxide had all been ex-
pelled, the solution was allowed to cool and the arsenic deter-
mined by titration with ,1 normal iodine solution, as follows:
The solution containing a few drops of phenolphthalein was
treated with solid potassium hydroxide until a permanent pink
color was imparted to it. It was then decolorized by the addition
of a few drops of hydrochloric acid, 5 grams of sodium bicarbon-
ate were added, and the solution was titrated with a decinormal
iodine solution.
Although a large number of experiments were performed, the
results obtained by this method were very unsatisfactory. The
difficulty encountered at this point was in ridding the solution
of the sulphur dioxide. After heating the solution for an hour
or more while passing a current of carbon dioxide through it,
it still contained traces of sulphur dioxide, which in the titra-
tion method, would seriously affect the results. This, however,
was not Fischer's original method but a modification of M. Roh-
mer's method.
The Use of Chromous Acetate as a Reducing Agent.
The solutions used in these experiments were prepared as
follows: 5 grams of arsenic trioxide were dissolved in 70 cc
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of 1:20 sodium hydroxide solution; 210 cc of hydrochloric acid
(1:20 sji.jl.) were added, and the mixture diluted to exactly one
liter. For each determination 25 cc portions of this solution
were used.
The apparatus used in these determinations consisted of a
500 cc round bottom flask connected to a water cooled condenser
by means of glass tubing and a one-hole rubber stopper. The
condenser in turn was connected with the receiver of one liter
capacity, which was also water cooled. The receiver contained
about 800 cc of distilled water, and air tight connections were
maintained from the distilling flask to the receiver.
A 25 cc portion of the arsenic solution was accurately meas-
ured from a standardized pipette and placed in a 300 cc TCrlen-
meyer flask for each determination. These were then diluted with
water and concentratea hydrochloric acid.
The arsenic was precipitated as the sulphiae in each case,
dissolved in hot ammonium hyaroxide (about 10 per cent) and
oxidized with sodium percarbonate or sodium peroxide. The result-
ing solution was evaporated to a volume of about 50 cc, and was
then introduced into the distilling flask. 100 cc of concentrated
hydrochloric acid were then added and also a little potassium
bromide (about 1.5 g.) Just before connecting the distilling
flask with the rest of the apparatus 5 cc of chromous acetate
paste were added.
The distillation was then carried out, the distillate being
collected in the one liter receiving flask. The distillation
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progreased very well in nearly every case, but in order to pre-
vent the solution from sucking back into the distilling flask
it was necessary to turn off the supply of water to the condenser.
During the distillation the odor of metallic arsenic was
perceptible over the collecting flask, and an examination of the
distilling flask showed appreciable amounts of a metallic sub-
stance which formed on the top of the flask. Ey treating some
of the metallic residue with bleaching powder and sodium carbonate
it was found that it dissolved readily. Further treatment with
hydrogen sulphide confirmed that it was arsenic. The metallic
deposit volatilized, upon heating, giving fumes with the charac-
teristic garlic-like odor of elementary arsenic.
Several determinations were made in accordance with the
above procedure, but in each case the arsenic was reduced to the
metallic state.
Preparation of Chromous Hydrazine Chloride.
It was thought that the compounds of chromium which were
recently prepared by tfilhelm Traube and W. Passarge (Ber, 46-1505)
might have the desired effect upon the arsenic compounds. The
compounds which they descrioe show decided stability towards
most substances, and it was thought that if chromous t^drazine
chloride could be made rather easily it might act effectively
as a reducing agent in this method.
They claim that the chromous hydrazine salts have to a
large extent the same instability and sensitiveness toward com-
pounds as do the chromous salts themselves, but they show a de-
cided stability toward the oxygen of the air. These salts are
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insoluble in water, alcohol, ether and similar solvents, but read-
ily soluble in acids. With ammonia in the absence of air, a deep
blue solution is obtained in which gray flakes are suspended. If
allowed to come in contact with the air, the solution quickly
becomes violet in color and chromium hydroxide is precipitated
out. Sodium hydroxide changes the chromous hydrazine chloride
to a black flaky precipitate.
Preparation of chromous hydrazine chloride according to
Traube and Passarge was carried out with freshly prepared chromous
acetate. This was kept in air free water which was covered with
ligroin to prevent the air from entering the solution during the
experiment. The acetate was dissolved in the calculated amount
of hydrochloric acid and then a solution of hydrazine hydrate
added. The salt separated as a lilac colored finely divided
precipitate, which was not soluble in an excess of the precipi-
tant. It was filtered, then sucked dry, washed with water,
alcohol and ether, and then uried in a desiccator over sulphuric
acid.
The preparation was attempted in this work but no chromous
hydrazine chloride was obtained.
Titanous Chloride as a Reducing Agent.
The arsenic was precipitated as the sulphide, dissolved in
potassium hydroxide, and oxidized with sodium peroxide. The
solution after having been oxidized was heated to boiling in
order to drive off the excess oxygen and the boiling was continued
in cases where the solution had a volume over 75 cc, in order to
decrease the volume.
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This solution wa3 than washed into the uiutilling flask using
100 cc of concentrated hydrochloric acid and a small amount of
water. About 1.5 grams of potassium bromide were then added and
the solution cooled under cold water. After cooling, about 75 cc
of 15 per cent titanous chloride solution were added and the flask
quickly connected with the condenser. A rather small flame was
first placed under the distilling bulb, but as the operation
progressed the heating was gradually increased. After all of the
air had been washed out of the flask by the hydrochloric acid
vapors, the liquid in the receiver had a tendency to suck back,
so it was necessary to cut off the water supply from the condenser.
The distillation continued quietly during the entire operation in
each case, and after distilling to about 30 to 35 cc the flame
was removed and the apparatus quickly disconnected.
The solution remaining in the distilling flask was tested
for traces of arsenic in the following manner: Because the
solution had been evaporated to such a small volume crystals of
sodium chloride and potassium bromide separated out when the solu-
tion was cooled. The crystals dissolved as the amount of solution
increased due to washing it out of the distilling flask. Owing
to the excess of titanous chloride used, the solution still retained
the characteristic purple-blue color. It was then treated with
hydrogen sulphide, and after changing the concentration of acid
in order tc favor the precipitation of any arsenic which might be
in solution it was again treated with hydrogen sulphide. No traces
of arsenic were found after this treatment. The distilling flask
was washed with sodium hypochlorite solution, in order tc insure
I
-14-
that none of the arsenic had been reduced to the metallic state.
The resulting solution was heated to boiling and then made acid
frith hydrochloric acid. I current of hydrogen sulphide was con-
ducted through the solution, but again no traces of arsenic were
found. The distillation, therefore, seemed to be complete from
this point of view, but on determining the arsenic in the distil-
late, only in a few cases were the results quantitative.
The distillate was absorbed in a liter round bottom receiver,
' containing 80C cc of distilled water. After the distillation, the
condenser was washed with dilute sodium hydroxide solution and
water, the washings being collected in a large beaker. The dis-
tillate was also washed into this beaker. It was then made alka-
line with stick potassiuii. hydroxide snd then made slightly acid
with hydrochloric acid. About 5 grams of powdered sodium bicar-
bonate were then added ana the solution titratea with iodine
(approximately 1/10 normal) using starch as an indicator.
The souium thio sulphate and iodine solutions were made up in
the following manner:
About 50 grams of sodium thio sulphate were weighed out and
dissolved in water in a two liter bottle, and the solution made up
to about two liters. The solution was allowed to stand for about
a week, before standardization.
Similarly, 50 grams of potassium iodide were dissolved in a
little water. About 26 grams of iodine were then weighed out and
dissolved in the above solution. This solution was washed into
a two liter bottle and diluted to that amount. This was also al-
lowed to stand for about a week, before standardization.
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The iodine solution was standardized against a known weight
of arsenic trioxide. This was dissolved in dilute sodium hydroxide
the solution obtained made slightly acid with hydrochloric acid,
and then 5 grams of sodium bicarbonate added. It was then titrated
with the iodine solution using starch as an indicator.
The normality of the sodium thiosulphate solution was deter-
mined by titration against the iodine solution. Calculations
gave the following:
1 cc I
2
sol. o .0005225 grams of AS2O3
1 cc I 2 sol. O 1.008 cc Na2S2 3
The results obtained by this method of distillation were as
fellows
:
Arsenic trioxide taken
,1270 grams
,1270 "
Arsenic trioxide found.
.1052 grams
,1271 " (blank)
.1270
.1270
.1270
,1270
,1270
.1270
,1270
.1095
.1250
.1269
.1140
.1142
.1260
. 1266
(blank)
(blank)
The determinations marked (blank) were not obtained with the
distillates, but were merely run as checks on the iodine solution
in order to detect any change that might have occurred in it.
The results obtained do not indicate that the arsenic had all
distilled over, as do the results obtained on testing the residue
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for traces of arsenic.
Methyl Alcohol and Titanous Chloride.
The apparatus was modified so that the arsenic could be dis-
stilled in a current of methyl alcohol vapor. The distilling
bulb was connected to a flask containing methyl alcohol. A glass
tube connected this flask to the distilling bulb, passing through
its stopper to the bottom of the distilling fla3k. The methyl
alcohol was heated, rather slowly on a water bath so as to allow
a slow, constant stream of vapor to pass through the solution.
The arsenic solution was treated in the same manner as described
above; i.e., precipitated with hydrogen sulphide, dissolved in
alkali, and oxidized with sodium peroxide; then 100 cc of con-
centrated hydrochloric acid and 1,5 grams of potassium bromide
were added.
The methyl alcohol was permitted to come to boiling before
the distilling bulb was heated at all. A low flame was then
placed under the flask and the distillation slowly begun. After
the operation had proceeded slowly for a time the flame was in-
creased and the distillation allowed to take place more rapidly.
The distillation proceeded very quietly and the solution
t showed no tendency to suck back, as was the case in the distil-
lation with titanous chloride alone.
The distillates were treated in the same manner as were those
in the previous experiments, namely with potassium hydroxide,
neutralizing with hydrochloric acid, and then adding sodium bi-
carbonate. It was then titrated with iodine.
The results obtained from three such distillations are as
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follows:
Arsenic trioxide taken Arsor.ic trioxide found.
. 1270 grams .1178 grams
.1270 .1212
.1270 .1255
The methyl alcohol forms a methyl ester with the arsenic
trichloride, which is more volatile than the chloride itself, so
it distills a little more readily.
The results, although more concordant than were those ob-
tained in the cases in which the arsenic was distilled in the
presence of titanous chlorides alone, are nevertheless not quan-
titative.

« CONCLUSION*!. -
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00NCLU8I0N8.
It seems to be a justifiable conclusion that the quantitative
distillation of arsenic by the use of either titanous chloride
or titanous chloride and a stream of methyl alcohol vapor could
be accomplished, were a further study made of the details and
conditions. Although it was not attempted to separate arsenic
from antimony in this work, it nevertheless seems plausible to
suppose that this also could be accomplished by either of these
two methods. It is to be noted that only one distillation was
required in either of these cases to completely separate the
arsenic from the residue, but in cases involving the separation
of arsenic from metals like antimony, tin or tungsten, a second
distillation would probably be necessary.
The use of titanous chloriae as a reducing agent in such
separations has several advantages. Furthermore, in the sep-
aration of arsenic from members of the sulphide group, the pres-
ence of the titanium would not seriously interfere with the
subsequent separation and determination of these metals.
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